The aim of this study was to characterise the genetic variability of the Aleutian mink disease virus (AMDV) circulating among mink farmed in Poland and to compare Polish isolates with AMDV variants available in the GenBank database. For this purpose PCR amplification and analysis of the 429 bp DNA fragment of the AMDV NS1 gene from 13 randomly selected AMDV infected mink was performed. A comparison showed that all tested amplicons were closely related to the sequence of the NS1 gene of AMDV and showed high (94%-97%) homology to virus variants from American mink (Neovison vison) isolated in Canada in [2007][2008]. Eleven samples showing a high percentage (95%-97%) of sequence similarity together with three similar isolates originating from Canada formed one clade (monophyletic group). Two variants showing a lower percentage (about 94%-95%) of sequence similarity to isolates from Canada formed a separate clade. Polish viruses can be subdivided into two main groups with a putative ancestor common to both Polish and three Canadian isolates. This result confirms the literature data indicating the occurrence of American mink in Eastern Europe (including Poland) from the 1950s when the animals were imported for breeding purposes. In conclusion, we provide for the first time a report on the genetic characteristics of the AMDV variants circulating in the Polish population of farmed mink and their relationship with previously known AMDV variants isolated and described abroad.
Introduction
Aleutian mink disease (AMD) is a chronic and incurable disease of mink resulting in large economic losses in farming due to low fertility, frequent still births, high offspring mortality in the first days after birth, and restricted trade in animals (5) . After entering the body of adult mink, Aleutian mink disease virus (AMDV) continues replication in B and T lymphocytes as well as macrophages of the spleen and lymph nodes (3) . Constant replication stimulates the humoral immune response leading to excessive synthesis of specific antibodies and generalised plasmacytosis and gammopathy. The course of an AMDV infection depends on the virulence of the infecting strain, mink age, the functional status of the immune system, and animal genotype (1) . However, the infection is usually asymptomatic in adult mink from farms where AMDV is endemic. AMDV is a member of the genus Amdovirus, Parvovirus family, which comprises a single-stranded DNA with a genome length of approximately 5000 bp (4). The icosahedral nonenveloped virion contains two structural (VP1, VP2) and three non-structural (NS1, 44 NS2, and putative NS3) proteins (5, 15) . The NS1 protein of AMDV and other parvoviruses is required for regulation of virus replication as it is involved in viral transcriptional regulation, DNA packaging, and virion maturation, and it also has several enzymatic activities (6, 19) . NS1 may also have a role in the restriction of virus replication through caspase dependent induction of apoptosis (2) . Data on AMDV variability is scarce and it includes only a limited number of strains (10, 14) . It is known that AMDV is highly variable (viruses can differ from one farm to another by as much as 16% at the nucleotide level and 26% at the amino acid level) (14) . The results of earlier studies on AMDV suggest that AMDV strains can be divided into three major phylogenetic subgroups; however, no clear link between genetic structure of virus isolates and geographical location, year of isolation, or pathogenicity was found (14, 12) .
Isolates of AMDV available in GenBank exhibit a high degree of variability in the NS genes (10, 14) and therefore the NS1 gene of AMDV was selected for comparison with already known sequences.
Material and Methods
Experimental animals. The study was conducted on adult mink from four farms located in different provinces of Poland where Aleutian mink disease was confirmed using counterimmunoelectrophoresis (CIEP). All mink used as a source of DNA samples were positive in the CIEP test. The sanitary conditions on the farms were appropriate. Experimental mink were all kept under similar conditions, fed according to the recommended standards for the animal species, including mineral and vitamin supplements, and had continuous access to water. The mink were vaccinated against distemper, viral enteritis (inactivated virus), botulism, and Pseudomonas aeruginosa infection.
PCR and sequence analysis. Sections of the spleen and retropharyngeal lymph nodes collected in the pelting period from 27 randomly selected CIEP positive mink were the source of DNA. Samples were transported at 4-10 C to the laboratory. The internal organs of the mink used as a source for the subsequent DNA purification did not show any pathological changes. The DNA samples were purified as described previously (8) . DNA was amplified using the two-step PCR in which the primer pair encompassed the 485 nt fragment of single exon of NS1 gene, with the internal primer for the second semi-nested PCR step amplifying the 429 nt internal fragment of NS1. The sequence of primers was: 1F 5' -GGTTGCTTTACTCCAGAAGA -3', 1R 5' -ATCACCACCTCCAG -3', and 2R 5' -TACCACACTCTTCAGCCC -3', where the 2R primer was used as an internal one together with the 1F primer in the second step. The reaction mix was composed of: 5 µL of 5 × RT PCR buffer; 1 µL of 10 mM dNTP mix; 50 pmol of each primer; 1 unit of DNA TaqPolymerase (Thermo Fisher Scientific); and nuclease-free water up to 25 µL. Reactions were thermal cycled by using the following scheme for amplification: 95°C for 5 min (1 cycle), 95°C for 30 s, 54°C for 30 s, 72°C for 1 min (34 cycles), and then the second amplification for 36 cycles with similar parameters except for annealing temperature 62°C. The PCR was performed using the UNO II thermocycler (Biometra, Germany). The PCR products from 13 randomly selected AMDV positive samples out of 27 were then purified using the NucleoSpin TriPrep kit (Macherey-Nagel, Germany) and sequenced directly in both directions using the BigDye Terminator v3.1 kit (Life Technologies, USA), and 1F and 2R primers on an automatic sequencer ABI3730/xl Genetic Analyzer (Applied Biosystems, USA). The consensus sequence for each sample was determined using Staden software (http://staden.sourceforge.net/) and then compared with the AMDV sequences archived in GenBank using ClustalX (http://www.clustal.org/clustal2/).
Phylogenetic analysis. The NS1 gene fragment sequences of all 13 Polish samples and sequences of the three Canadian isolates similar to them according to GenBank database were used. The most closely related to the Polish sequences Canadian isolates were selected from 76 sequences available in GenBank. There is no information available regarding the exact origin of Canadian isolates. As an external group the corresponding fragment of the Minute virus of mice (MVM) genome sequence was included.
Results
All samples of the spleen or retropharyngeal lymph nodes collected at necropsy from 27 CIEP positive mink were PCR positive. The subsequent sequencing of PCR products from thirteen animals and comparison of the amplified nucleotide sequences with the sequences available in the GenBank database (NCBI) showed that all samples were closely related to the corresponding fragment of the NS1 gene of AMDV. Conclusions regarding the evolutionary history of Polish variants of AMDV were drawn after the analysis by the maximum parsimony method. The phylogenetic tree presented in Fig. 1 is based on consensus of the most probable phylogenetic trees. The consistency index was 0.669903, the retention rate 0.881119, and the complexity rate 0.590264. The analysis showed a high degree of similarity of the Polish isolates of AMDV to the corresponding sequences of viruses isolated in Canada from American mink (Mustela vison) in 2007-2008 (Table 1) . The results of the analysis are presented in the form of the dendrogram in Fig. 1 . Eleven tested samples (23S, 109s, 25, W1, 2K, 14S, W4, 8K, W3, 6K, and 102) showing a high percentage (95%-97%) of sequence similarity together with three similar isolates originating from Canada (NL08-013940-378-1, NL08-007141-48, ON07-122658) form one clade (monophyletic group). Two variants (4K and W2) demonstrating a lower percentage (about 94%-95%) of sequence similarity to isolates from Canada form a separate clade. Polish viruses can be further subdivided into two main subgroups (I and II) with a putative ancestor common to both Polish and three Canadian isolates. 
Discussion
It is worth noting that this article provides for the first time the preliminary information on the genetic characteristics of AMDV circulating in Poland. The analysis showed a high degree of similarity of the Polish isolates of AMDV to the corresponding sequences of viruses isolated in Canada in 2007-2008. This result is not surprising considering that the American mink farmed in Poland is not an indigenous species but was imported from abroad starting in the 1950s (16, 18) . One of the most common import directions was from North America. It can be assumed that AMDV was imported as well with persistently infected animals. For comparison of the Polish isolates with isolates characterized abroad, the NS1 gene was selected because most of the AMDV-linked information in the GenBank database concerns this gene. Recently Li et al. (13) published the results of a study on the genetic characterisation of three isolates of AMDV in China. The authors used for phylogenetic analysis non-structural (NS1) and structural (VP2) gene sequences. The results of their study based on the NS1 gene showed that AMDV could be divided into three groups confirming thereby earlier findings by other authors (10, 13, 14) . The results of the analysis were, however, slightly different when VP2 sequences were taken into consideration and showed that Chinese isolates could be divided into two major branches together with some American isolates (17) . Study of the variability of the VP2 gene may be important when the pathogenic potential of different isolates is considered. Recently Jahns et al. (11) provided evidence of highly conserved neuropathogenicity linked sequences of VP2 gene among farmed mink in Ireland (11) .
The Chinese report indicated that the isolated AMDV variants are closely related to the strains from the United States. The above data confirms the common belief that parvoviruses, including AMDV, represent a highly genetically heterogeneous group of viruses and there is no link between virulence, geographical origin, year of isolation, and genetic structure of a given AMDV isolate. The frequent recombinations confirmed by earlier reports on the presence of several genotypes of AMDV in one animal can also be suspected (7, 9) . Unfortunately, it is not fully clear when the infection in the farms included in the present study started. Such knowledge might be useful in an attempt to perform an epidemiological investigation, however, this approach is in this case hampered as in Poland there is no obligation to test farms regularly for the presence of AMDV. Lack of such legal obligation and the ability of the virus to establish persistent, subclinical infection promote the spread of the disease. It would be interesting to know what is the relationship between the mink farmed in Poland and the population of free-living mink. It can be assumed that a free-living population most probably originates from individuals which escaped from farms or were immigrants from the bordering countries (Russia, Lithuania, and Belarus). Such a scenario has also been proposed by several authors (16, 20) . Potentially, mink migrating to Poland from the Eastern European countries might carry virus variants which are quite different from the isolates characterized in the present study. Nevertheless, a more accurate investigations have to be performed and they must consider both farmed and free-living mink because a survey of free-living mink as carriers of AMDV was not the objective of the present study. In conclusion, this is the first report on the genetic characteritics of the AMDV variants circulating in Polish population of farmed mink and their relationship to the already known variants isolated and described abroad.
